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FORMATION OF SHALLOW JUNCTIONS BY 
DIFFUSION FROMA DIELECTRIC DOPED 
BY CLUSTER OR MOLECULAR ION BEAMS 

FIELD OF THE INVENTION 

This invention relates to the ?eld of integrated circuits. 
More particularly, this invention relates to methods to form 
shalloW junctions in integrated circuits. 

BACKGROUND OF THE INVENTION 

It is Well knoWn that transistors in advanced integrated 
circuits (ICs) are shrinking With each neW fabrication tech 
nology node, as articulated by Moore’s LaW. For example, at 
the 32 nanometer technology node, it is desired to form doped 
regions in transistors such as source and drain extensions 
Which are less than 10 nanometers deep With average doping 
densities above 1021 cm“3 . Formation of heavily doped shal 
loW regions is problematic because anneals su?icient to 
repair damage to the IC substrate cause dopants to diffuse 
deeper than desired. 

SUMMARY OF THE INVENTION 

This Summary is provided to comply With 37 C.F.R. §1 .73, 
requiring a summary of the invention brie?y indicating the 
nature and sub stance of the invention. It is submitted With the 
understanding that it Will not be used to interpret or limit the 
scope or meaning of the claims. 

The instant invention provides a process for forming dif 
fused regions in an integrated circuit (IC) less than 20 nanom 
eters deep With an average doping dose above 1014 cm_2, in 
particular lightly doped drain (LDD) regions in metal oxide 
semiconductor (MOS) transistors. A source dielectric layer is 
formed on an existing surface of the IC. Dopants are 
implanted into the source dielectric layer in a region above the 
region of the IC to be doped, using gas cluster ion beam 
(GCIB) implantation, molecular ion implantation or atomic 
ion implantation. The majority of the dopants are deposited in 
the source dielectric layer, so that negligible damage is gen 
erated in the IC substrate. A rapid thermal drive process such 
as a spike anneal or a laser anneal diffuses the implanted 
dopants into the IC substrate to attain a desired depth and 
average doping density in the doped region. The inventive 
process may also be applied to forming source and drain 
(S/D) regions in p-channel metal oxide semiconductor 
(PMOS) and n-channel metal oxide semiconductor (NMOS) 
transistors. One source dielectric layer may be used for form 
ing both NLDD and PLDD regions. Similarly, one source 
dielectric layer may be used for forming both NSD and PSD 
regions. 

DESCRIPTION OF THE VIEWS OF THE 
DRAWING 

FIG. 1A through FIG. 1F are cross-sections of an IC depict 
ing formation of PMOS LDD regions and NMOS LDD 
regions according to an embodiment of the instant invention, 
depicted in successive stages of fabrication. 

FIG. 2A through FIG. 2E are cross-sections of an IC 
depicting formation of PSD regions and NSD regions accord 
ing to an embodiment of the instant invention, depicted in 
successive stages of fabrication. 
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2 
FIG. 3A through FIG. 3C are cross-sections of an IC 

depicting formation of PLDD regions according to an alter 
nate embodiment of the instant invention, depicted in succes 
sive stages of fabrication. 

DETAILED DESCRIPTION 

The present invention is described With reference to the 
attached ?gures, Wherein like reference numerals are used 
throughout the ?gures to designate similar or equivalent ele 
ments. The ?gures are not draWn to scale and they are pro 
vided merely to illustrate the invention. Several aspects of the 
invention are described beloW With reference to example 
applications for illustration. It should be understood that 
numerous speci?c details, relationships, and methods are set 
forth to provide a full understanding of the invention. One 
skilled in the relevant art, hoWever, Will readily recogniZe that 
the invention can be practiced Without one or more of the 
speci?c details or With other methods. In other instances, 
Well-knoWn structures or operations are not shoWn in detail to 
avoid obscuring the invention. The present invention is not 
limited by the illustrated ordering of acts or events, as some 
acts may occur in different orders and/ or concurrently With 
other acts or events. Furthermore, not all illustrated acts or 
events are required to implement a methodology in accor 
dance With the present invention. 
The instant invention provides a process for forming a 

doped region in an integrated circuit (IC) less than 20 nanom 
eters deep With an average doping dose above 1014 cm_2. A 
source dielectric layer is formed on an existing surface of the 
IC. Dopants are implanted into the source dielectric layer in a 
region above the region of the IC to be doped, using gas 
cluster ion beam (GCIB) implantation, molecular ion implan 
tation or atomic ion implantation. The majority of the dopants 
are deposited in the source dielectric layer, so that negligible 
damage is generated in the IC substrate. A thermal drive 
process diffuses the implanted dopants into the IC substrate to 
attain a desired depth and average doping density in the doped 
region. The inventive process may be applied to forming 
lightly doped drain (LDD) regions in both p-channel metal 
oxide semiconductor (PMOS) transistors and n-channel 
metal oxide semiconductor (N MOS) transistors, and to form 
ing source and drain (S/D) regions in PMOS and NMOS 
transistors. 

FIG. 1A through FIG. 1F are cross-sections ofan IC depict 
ing formation of PMOS LDD regions and NMOS LDD 
regions according to an embodiment of the instant invention, 
depicted in successive stages of fabrication. Referring to FIG. 
1A, the IC (100) is formed in a substrate (102) Which is 
commonly a single crystal silicon Wafer, but may be a silicon 
Wafer With a silicon germanium epitaxial layer, a silicon-on 
insulator (SOI) Wafer, a hybrid orientation technology (HOT) 
Wafer With regions of different crystal orientations, or other 
material appropriate for fabrication of the IC (100). Elements 
of ?eld oxide (104) are formed by a shalloW trench isolation 
(STI) process sequence, in Which trenches, commonly 200 to 
500 nanometers deep, are etched into the IC (100), electri 
cally passivated, commonly by groWing a thermal oxide layer 
on sideWalls of the trenches, and ?lled With insulating mate 
rial, typically silicon dioxide, commonly by a high density 
plasma (HDP) process or an oZone based thermal chemical 
vapor deposition (CVD) process, also knoWn as a high aspect 
ratio process (HARP). An element of ?eld oxide (104) sepa 
rates an area in the substrate (102) de?ned for an NMOS 
transistor (106) from an area in the substrate (102) de?ned for 
a PMOS transistor (108). A p-type Well (110), commonly 
called a p-Well, is formed in the substrate (102), typically by 
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ion implanting a p-Well set of p-type dopants, including boron 
and possibly gallium and/or indium, at doses from 1-1011 to 
11014 atoms/cm2, into the NMOS transistor area (106). A 
p-Well photoresist pattern, not shown in FIG. 1A for clarity, is 
commonly used to block the p-Well set of p-type dopants from 
regions outside the p-Well (110). The p-Well (110) extends 
from a top surface of the substrate (102) to a depth typically 
50 to 500 nanometers beloW a bottom surface of the ?eld 
oxide elements (104). The ion implantation process to form 
the p-Well (110) may include additional steps to implant 
additional p-type dopants at shalloWer depths for purposes of 
improving NMOS transistor performance, such as threshold 
adjustment, leakage current reduction and suppression of 
parasitic bipolar operation. An n-type Well (112), commonly 
called an n-Well, is formed in the substrate (102), typically by 
ion implanting a n-Well set of n-type dopants, including phos 
phorus and arsenic, and possibly antimony, at doses from 
1-1011 to 1-1014 atoms/cm2, into the PMOS transistor area 
(108). An n-Well photoresist pattern, not shoWn in FIG. 1A for 
clarity, is commonly used to block the n-Well set of n-type 
dopants from regions de?ned for NMOS transistors. The 
n-Well (112) extends from the top surface of the substrate 
(102) to a depth typically 50 to 500 nanometers beloW the 
bottom surface of the ?eld oxide elements (104). The ion 
implantation process to form the n-Well (112) may include 
additional steps to implant additional n-type dopants at shal 
loWer depths for purposes of improving PMOS transistor 
performance, such as threshold adjustment, leakage current 
reduction and suppression of parasitic bipolar operation. A 
sheet resistivity of the n-Well (112) is commonly betWeen 100 
and 1000 ohms/square. 

Continuing to refer to FIG. 1A, an NMOS gate dielectric 
layer (114), typically silicon dioxide, nitrogen doped silicon 
dioxide, silicon oxy-nitride, hafnium oxide, layers of silicon 
dioxide and silicon nitride, or other insulating material, and 
typically betWeen 1 and 3 nanometers thick, is formed on a 
top surface of the p-Well (110) in the NMOS transistor area 
(106) using any of a variety of gate dielectric formation pro 
cess, for example thermal oxidation, plasma nitridation of an 
oxide layer, and/or dielectric material deposition by atomic 
layer deposition (ALD) processes. A PMOS gate dielectric 
layer (116) is formed on a top surface of the n-Well (112) in 
the PMOS transistor area (108) by similar processes and With 
similar properties as the NMOS gate dielectric layer (114). It 
is common to form a portion of or all of the NMOS gate 
dielectric layer (114) and the PMOS gate dielectric layer 
(116) concurrently. An NMOS gate (118), typically polycrys 
talline silicon, commonly knoWn as polysilicon, betWeen 50 
to 200 nanometers thick, is formed on a top surface of the 
NMOS gate dielectric layer (114), commonly by depositing a 
layer of polysilicon on an existing top surface of the 1C (100), 
forming an NMOS gate photoresist pattern on a top surface of 
the polysilicon layer to de?ne an area for the NMOS gate 
(118), and removing unWanted polysilicon using reactive ion 
etching methods. A PMOS gate (120) is formed on a top 
surface of the PMOS gate dielectric layer (116) by a similar 
process used to form the NMOS gate (118). It is common to 
form a portion of or all of the NMOS gate (118) and the 
PMOS gate (120) concurrently. 

Still referring to FIG. 1A, an LDD source dielectric depo 
sition process (122), preferably a rapid thermal chemical 
vapor deposition (RTCVD) process, but possibly a plasma 
enhanced chemical vapor deposition (PECVD) process, a 
CVD process, or an ALD process, is performed on the 1C 
(100) to form a LDD source dielectric layer (124) on an 
existing top surface of the 1C (100). The LDD source dielec 
tric layer (124) is preferably betWeen 5 and 20 nanometers 
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4 
thick and is formed of silicon dioxide and/or silicon nitride. In 
a ?rst embodiment, the LDD source dielectric deposition 
process (122) is an isotropic process such that the LDD source 
dielectric layer (124) is deposited conformally on the top and 
lateral surfaces of the NMOS gate (118) and the PMOS gate 
(120). Forthe purposes of this disclosure, the term “deposited 
conformally” is understood to mean deposited so that a thick 
ness of a layer Which is deposited conformally is substantially 
the same on lateral surfaces, sloped surfaces and horizontal 
surfaces. 

FIG. 1B depicts the 1C (100) during an n-type lightly doped 
drain (N LDD) dopant implantation process. An NLDD pho 
toresist pattern (126) is formed on a top surface of the LDD 
source dielectric layer (124) such that an area in the NMOS 
transistor area (106) for implantation of n-type NLDD 
dopants is exposed. An NLDD set of n-type dopants (128), 
such as phosphorus and possibly arsenic, is accelerated 
toWard the 1C (100), preferably by a gas cluster ion beam 
(GCIB) process but possibly by a molecular ion implantation 
process or an atomic ion implantation process, to form an 
NLDD implanted region (130) With a dose between 1014 and 
1016 dopant atoms/cm2 in a top region of the LDD source 
dielectric layer (124). In a preferred embodiment, the NLDD 
dopants (128) are directed straight doWn into the LDD source 
dielectric layer (124), so that vertical surfaces of the LDD 
source dielectric layer (124), for example on lateral surfaces 
of the NMOS gate (118), receive less than 1 percent of the 
NLDD dopants (128) per unit area compare to horizontal 
surfaces of the LDD source dielectric layer (124). 
A GCIB process may be performed by pressuriZing a gas 

mixture of a carrier gas, such a helium and/or argon, and a 

dopant containing gas such as diborane, phosphine or arsine, 
at a ratio betWeen 90%:10% and 98%:2%, releasing the gas 
mixture through a 100 to 500 micron diameter noZZle so that 
the gas mixture condenses into clusters of a feW hundred to a 
feW thousand atoms, ioniZing the clusters such that each 
cluster typically has one electron unit of charge, approxi 
mately 1.6~10_l9 coulomb, and accelerating the clusters 
toWard an IC, commonly at an acceleration energy betWeen 3 
and 30 keV. Each cluster typically contains betWeen 10 and 
3000 dopant atoms. The clusters break up upon impact With a 
top surface of a source dielectric layer and dopant atoms in the 
clusters penetrate the source dielectric layer to a depth of a 
feW nanometers. A majority of the carrier gas atoms in the 
clusters escape immediately after impact of the clusters. The 
acceleration energy of each cluster is divided among the 
atoms in each cluster, so that a very loW fraction, much less 
than 1 percent, of dopant atoms have su?icient energy to 
penetrate the source dielectric layer and displace a silicon 
atom in a substrate of the 1C. Doses greater than 1015 atoms/ 
cm2 of embedded dopant atoms in the source dielectric layer 
may be attained in GCIB processes. The GCIB processes 
desirably provide a method of attaining useful doses Without 
the amount of silicon crystal lattice damage that Would be 
expected in conventional ion implantation processes Without 
source dielectric layers providing equivalent doses. GCIB 
processes may be performed in commercially available semi 
conductor processing equipment, for example GCIB tools 
made by TEL-Epion. 

Alternatively, a molecular ion process may be performed 
by accelerating molecules such as carborane (CZB 1OHl 2), 
phosphorus dimers (P2) or tetramers (P4), or arsenic dimers 
(As2) or tetramers (As4), containing boron, phosphorus or 
arsenic dopant atoms, respectively, toWard an IC at accelera 
tion energies betWeen 3 and 30 keV. The acceleration energy 
of each molecule is divided among the atoms in each mol 
ecule, so that a loW fraction, less than 5 percent, of dopant 
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atoms have suf?cient energy to penetrate a source dielectric 
layer and displace a silicon atom in a substrate of the IC. 
Doses greater than 1015 atoms/cm2 of embedded dopant 
atoms in the source dielectric layer may be attained in 
molecular ion implantation processes. The molecular ion 
implantation processes desirably provide a method of attain 
ing useful doses Without the amount of silicon crystal lattice 
damage that Would be expected in conventional ion implan 
tation processes Without source dielectric layers providing 
equivalent doses. Molecular ion implantation processes may 
be performed in commercially available semiconductor ion 
implanters. 

Alternatively, an atomic ion implantation process may be 
performed by accelerating individual dopant atoms such as 
boron, phosphorus or arsenic toWard an IC at acceleration 
energies betWeen 2 and 10 keV. In a preferred embodiment, 
over 90 percent of the dopant atoms are absorbed in a source 
dielectric layer, so that less than 10 percent of the dopant 
atoms impact a single crystal silicon substrate beloW the 
source dielectric layer, desirably reducing an amount of sili 
con crystal lattice damage that Would be expected in conven 
tional ion implantation processes Without source dielectric 
layers providing equivalent doses. Atomic ion implantation 
processes may be performed in commercially available semi 
conductor ion implanters. 

Referring to FIG. 1B, the NLDD photoresist pattern (126) 
is removed, commonly by exposing the IC (100) to an oxygen 
containing plasma, folloWed by a Wet cleanup to remove any 
organic residue from the top surface of the LDD source 
dielectric layer (124). 

FIG. 1C depicts the IC (100) after an NLDD drive process 
Which heats an existing top region of the IC (100) causing the 
implanted NLDD dopant atoms in the NLDD implanted 
region in the top region of the LDD source dielectric layer 
(124) to diffuse through the LDD source dielectric layer (124) 
to form an NLDD infused region (132) in the LDD source 
dielectric layer (124) over horiZontal surfaces of the p-Well 
(110) and NMOS gate (118). During the NLDD drive pro 
cess, NLDD dopant atoms diffuse out of the NLDD infused 
region (132) into the top region of the p-Well (110) to form 
NLDD diffused regions (134) at the top surface of the p-Well 
(110) adjacent to the NMOS gate (118) in the NMOS tran 
sistor area (106). The NLDD drive process is preferably a 
spike anneal process Which heats the top surface of the IC 
(100) to a temperature betWeen 900 C and 1100 C for 1 to 5 
seconds, or a laser anneal process Which heats the top surface 
ofthe IC (100) to a temperature betWeen 1175 C and 1300 C 
for 100 microseconds to 2 milliseconds. In a preferred 
embodiment, the NLDD diffused regions (134) are betWeen 
10 and 20 nanometers deep and contain between 1014 and 
1016 NLDD dopant atoms/cm2. It is Within the scope of the 
instant invention to perform the NLDD drive process With any 
thermal pro?le in any ambient Which produces a desired 
depth and dopant concentration of the NLDD diffused 
regions (134). 

FIG. 1D depicts the IC (100) during a p-type lightly doped 
drain (PLDD) dopant implantation process. In one embodi 
ment, the source dielectric layer used in the NLDD formation 
process described in reference to FIG. 1A through FIG. 1C 
may be removed and a neW source dielectric layer formed on 
the IC (100). In another embodiment, depicted herein, the 
source dielectric layer used in the NLDD formation process is 
reused during PLDD formation. A PLDD photoresist pattern 
(136) is formed on a top surface of the LDD source dielectric 
layer (124) such that an area in the PMOS transistor area 
(108) for implantation of p-type PLDD dopants is exposed. A 
PLDD set of p-type dopants (138), such as boron, is acceler 
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6 
ated toWard the IC (100), preferably by a GCIB process but 
possibly by a molecular ion implantation process or an atomic 
ion implantation process, to form a PLDD implanted region 
(140) With a dose between 1014 and 101 6 dopant atoms/cm2 in 
a top region of the LDD source dielectric layer (124). In a 
preferred embodiment, the PLDD dopants (138) are directed 
straight doWn into the LDD source dielectric layer (124), so 
that vertical surfaces of the LDD source dielectric layer (124), 
for example on lateral surfaces of the PMOS gate (120), 
receive less than 1 percent of the PLDD dopants (138) per unit 
area compare to horiZontal surfaces of the LDD source dielec 
tric layer (124). The PLDD photoresist pattern (136) is 
removed, commonly by exposing the IC (100) to an oxygen 
containing plasma, folloWed by a Wet cleanup to remove any 
organic residue from the top surface of the LDD source 
dielectric layer (124). 

FIG. 1E depicts the IC (100) after a PLDD drive process, 
similar to the NLDD drive process, Which heats an existing 
top region of the IC (100) causing the implanted PLDD 
dopant atoms in the PLDD implanted region in the top region 
of the LDD source dielectric layer (124) to diffuse through the 
LDD source dielectric layer (124) to form a PLDD infused 
region (142) in the LDD source dielectric layer (124) over 
horiZontal surfaces of the n-Well (112) and PMOS gate (120). 
During the PLDD drive process, PLDD dopant atoms diffuse 
out of the PLDD infused region (142) into the top region of 
the n-Well (112) to form PLDD diffused regions (144) at the 
top surface of the n-Well (112) adjacent to the PMOS gate 
(120) in the PMOS transistor area (108). The PLDD drive 
process is preferably a spike anneal process Which heats the 
top surface of the IC (100) to a temperature betWeen 900 C 
and 1100 C for 1 to 5 seconds, or a laser anneal process Which 
heats the top surface of the IC (100) to a temperature betWeen 
1175 C and 1300 C for 100 microseconds to 2 milliseconds. 
In a preferred embodiment, the PLDD diffused regions (144) 
are betWeen 10 and 20 nanometers deep and contain between 
1014 and 101 6 PLDD dopant atoms/cm2. It is Within the scope 
of the instant invention to perform the PLDD drive process 
With any thermal pro?le in any ambient Which produces a 
desired depth and dopant concentration of the PLDD diffused 
regions (144). In an alternate embodiment, the NLDD drive 
process and the PLDD drive process may be performed con 
currently. 

FIG. 1F depicts the IC (100) after an optional source 
dielectric layer removal process. The source dielectric layer 
may be removed during subsequent processing, preferably by 
immersing the IC (100) in a dilute aqueous solution of hydrof 
luoric acid, possibly buffered With ammonium ?uoride. 

Although the process described in reference to FIG. 1A 
through FIG. 1F is directed to formation of LDD regions, it 
Will be recogniZed by those familiar With IC fabrication that 
the process for forming a diffused layer using an implanted 
source dielectric layer may be applied to form another dif 
fused layer at a top surface of an IC substrate. 

FIG. 2A through FIG. 2E are cross-sections of an IC 
depicting formation of PMOS source and drain (PSD) regions 
and NMOS source and drain (NSD) regions according to an 
embodiment of the instant invention, depicted in successive 
stages of fabrication. Referring to FIG. 2A, the IC (200) is 
formed in a substrate (202) With the properties described in 
reference to FIG. 1A. Elements of ?eld oxide (204) are 
formed in a top region of the substrate (202) by an STI 
process, such that an element of ?eld oxide (204) separates an 
area in the substrate (202) de?ned for an NMOS transistor 
(206) from an area in the substrate (202) de?ned for a PMOS 
transistor (208). A p-Well (210) is formed in the substrate 
(202) in the NMOS area (206), and an n-Well (212) is formed 
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in the substrate (202) in the PMOS area (208), as described in 
reference to FIG. 1A. An NMOS gate dielectric layer (214) is 
formed on a top surface of the p-Well (210), and a PMOS gate 
dielectric layer (216) is formed on a top surface of the n-Well 
(212), as described in reference to FIG. 1A. An NMOS gate 
(218) is formed on a top surface of the NMOS gate dielectric 
layer (214), and a PMOS gate (220) is formed on a top surface 
of the PMOS gate dielectric layer (216), as described in 
reference to FIG. 1A. 

Continuing to refer to FIG. 2A, an NLDD diffused region 
(222) is formed in a top region of the p-Well (210) adjacent to 
the NMOS gate (218) as described in reference to FIG. 1A 
through FIG. 1C. A PLDD diffused region (224) is formed in 
a top region of the n-Well (212) adjacent to the PMOS gate 
(220) as described in reference to FIG. 1A and FIG. 1D 
through FIG. 1E. NMOS gate sideWall spacers (226) are 
formed on lateral surfaces of the NMOS gate (218), typically 
by deposition of one or more conformal layers of silicon 
nitride and/or silicon dioxide on a top and lateral surfaces of 
the NMOS gate (218) and the top surface of the p-Well (210), 
folloWed by removal of the conformal layer material from the 
top surface of the NMOS gate (218) and the top surface of the 
p-Well (210) by anisotropic etching methods, leaving the 
conformal layer material on the lateral surfaces of the NMOS 
gate (218). PMOS gate sideWall spacers (228) are formed on 
lateral surfaces of the PMOS gate (220) by a similar process 
as the NMOS gate sideWall spacers (226). It is common for 
the NMOS gate sideWall spacers (226) and PMOS gate side 
Wall spacers (228) to have different thicknesses. Typically, at 
least a portion of the NMOS gate sideWall spacers (226) and 
PMOS gate sideWall spacers (228) are formed concurrently. 

Still referring to FIG. 2A, a S/D source dielectric deposi 
tion process (230) as described in reference to FIG. 1A is 
performed on the IC (200) to form a S/D source dielectric 
layer (232) on an existing top surface of the IC (200). The S/D 
source dielectric layer (232) is preferably betWeen 10 and 30 
nanometers thick and is formed of silicon dioxide and/or 
silicon nitride. In a ?rst embodiment, the S/D source dielec 
tric deposition process (230) is an isotropic process such that 
the S/D source dielectric layer (232) is deposited conformally 
on an existing top surface of the IC (200), including the p-Well 
(210), the n-Well (212), the NMOS gate (218), the PMOS gate 
(220), the NMOS gate sideWall spacers (226) and PMOS gate 
sideWall spacers (228). 

FIG. 2B depicts the IC (200) during an NSD dopant 
implantation process. An NSD photoresist pattern (234) is 
formed on a top surface of the S/D source dielectric layer 
(232) such that an area in the NMOS transistor area (206) for 
implantation of n-type NSD dopants is exposed. An NSD set 
of n-type dopants (236), such as phosphorus and possibly 
arsenic, is accelerated toWard the IC (200), preferably by a 
GCIB process but possibly by a molecular ion implantation 
process or an atomic ion implantation process, to form an 
NSD implanted region (238) With a dose between 1014 and 
1017 dopant atoms/cm2 in a top region of the S/ D source 
dielectric layer (232). The NSD photoresist pattern (234) is 
removed, commonly by exposing the IC (200) to an oxygen 
containing plasma, folloWed by a Wet cleanup to remove any 
organic residue from the top surface of the S/ D source dielec 
tric layer (232). 

FIG. 2C depicts the IC (200) after an NSD drive process 
Which heats an existing top region of the IC (200) causing the 
implanted NSD dopant atoms in the NSD implanted region in 
the top region of the S/D source dielectric layer (232) to 
diffuse through the S/D source dielectric layer (232) to form 
an NSD infused region (240) in the S/D source dielectric layer 
(232) In the NMOS transistor area (206). During the NSD 
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drive process, NSD dopant atoms diffuse out of the NSD 
infused region (240) into the top region of the p-Well (210) to 
form NSD diffused regions (242) at the top surface of the 
p-Well (210) adjacent to the NMOS gate sideWall spacers 
(226) in the NMOS transistor area (206). The NSD drive 
process is preferably a spike anneal process Which heats the 
top surface of the IC (200) to a temperature betWeen 900 C 
and 1100 C for 1 to 5 seconds, or a laser anneal process Which 
heats the top surface of the IC (200) to a temperature betWeen 
1175 C and 1300 C for 100 microseconds to 2 milliseconds. 
In a preferred embodiment, the NSD diffused regions (242) 
are betWeen 30 and 100 nanometers deep and contain 
between 1014 and 1017 NSD dopant atoms/cm2. It is Within 
the scope of the instant invention to perform the NSD drive 
process With any thermal pro?le in any ambient Which pro 
duces a desired depth and dopant concentration of the NSD 
diffused regions (242). 

FIG. 2D depicts the IC (200) during a PSD dopant implan 
tation process. In one embodiment, the source dielectric layer 
used in the NSD formation process described in reference to 
FIG. 2A through FIG. 2C may be removed and a neW source 
dielectric layer formed on the IC (200). In another embodi 
ment, depicted herein, the source dielectric layer used in the 
NSD formation process is reused during PSD formation. A 
PSD photoresist pattern (244) is formed on a top surface of 
the S/D source dielectric layer (232) such that an area in the 
PMOS transistor area (208) for implantation of p-type PSD 
dopants is exposed. A PSD set of p-type dopants (246), such 
as boron, is accelerated toWard the IC (200), preferably by a 
GCIB process but possibly by a molecular ion implantation 
process or an atomic ion implantation process, to form a PSD 
implanted region (248) With a dose between 1014 and 1017 
dopant atoms/cm2 in a top region of the S/D source dielectric 
layer (232). The PSD photoresist pattern (244) is removed, 
commonly by exposing the IC (200) to an oxygen containing 
plasma, folloWed by a Wet cleanup to remove any organic 
residue from the top surface of the S/ D source dielectric layer 
(232). 

FIG. 2E depicts the IC (200) after a PSD drive process, 
similar to the NSD drive process, Which heats an existing top 
region of the IC (200) causing the implanted PSD dopant 
atoms in the PSD implanted region in the top region of the S/ D 
source dielectric layer (232) to diffuse through the S/D source 
dielectric layer (232) to form a PSD infused region (250) in 
the S/D source dielectric layer (232) in the PMOS transistor 
area (208). During the PSD drive process, PSD dopant atoms 
diffuse out of the PSD infused region (250) into the top region 
of the n-Well (212) to form PSD diffused regions (252) at the 
top surface of the n-Well (212) adjacent to the PMOS gate 
sideWall spacers (228) in the PMOS transistor area (208). The 
PSD drive process is preferably a spike anneal process Which 
heats the top surface of the IC (200) to a temperature betWeen 
900 C and 1100 C for 1 to 5 seconds, or a laser anneal process 
Which heats the top surface of the IC (200) to a temperature 
betWeen 1175 C and 1300 C for 100 microseconds to 2 
milliseconds. In a preferred embodiment, the PSD diffused 
regions (252) are betWeen 30 and 100 nanometers deep and 
contain between 1014 and 1017 PSD dopant atoms/cm2. It is 
Within the scope of the instant invention to perform the PSD 
drive process With any thermal pro?le in any ambient Which 
produces a desired depth and dopant concentration of the 
PSD diffused regions (252). In an alternate embodiment, the 
NSD drive process and the PSD drive process may be per 
formed concurrently. 

FIG. 3A through FIG. 3C are cross-sections of an IC 
depicting formation of PLDD regions according to an alter 
nate embodiment of the instant invention, depicted in succes 
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sive stages of fabrication. Referring to FIG. 3A, the IC (300) 
is formed in a substrate (3 02) With the properties described in 
reference to FIG. 1A. Elements of ?eld oxide (304) are 
formed in a top region of the substrate (302) by an STI 
process, such that an element of ?eld oxide (304) separates an 
area in the substrate (302) de?ned for an NMOS transistor 
(306) from an area in the substrate (302) de?ned for a PMOS 
transistor (308). A p-Well (310) is formed in the substrate 
(302) in the NMOS area (306), and an n-Well (312) is formed 
in the substrate (302) in the PMOS area (3 08), as described in 
reference to FIG. 1A. An NMOS gate dielectric layer (314) is 
formed on a top surface of the p-Well (310), and a PMOS gate 
dielectric layer (316) is formed on a top surface of the n-Well 
(312), as described in reference to FIG. 1A. An NMOS gate 
(318) is formed on a top surface of the NMOS gate dielectric 
layer (314), and a PMOS gate (320) is formed on a top surface 
of the PMOS gate dielectric layer (316), as described in 
reference to FIG. 1A. 

Continuing to refer to FIG. 3A, an anisotropic LDD source 
dielectric deposition process (322) is performed on the IC 
(300) to form an anisotropic LDD source dielectric layer 
(324) on horizontal surfaces of the p-Well (310), n-Well (312), 
NMOS gate (318) and PMOS gate (320). For the purposes of 
this disclosure, the term “anisotropic layer” is understood to 
mean a layer Which is substantially thinner on vertical sur 
faces than on horiZontal surfaces, or a layer Which has sub 
stantially no material on vertical surfaces. In one embodi 
ment, depicted in FIG. 3A, substantially no source dielectric 
material is deposited on vertical surfaces of the NMOS gate 
(318) and PMOS gate (320). Anisotropic deposition may be 
achieved by imparting a vertical directionality to reactant 
species Which produce the LDD source dielectric layer (324), 
for example by accelerating ioniZed reactant molecules 
through a vertical electric ?eld or extracting reactant mol 
ecules through one or more directional noZZles. 

FIG. 3B depicts the IC (300) during a PLDD dopant 
implantation process. A PLDD photoresist pattern (326) is 
formed on a top surface of the LDD source dielectric layer 
(324) such that an area in the PMOS transistor area (308) for 
implantation of p-type PLDD dopants is exposed. A PLDD 
set of p-type dopants (328), such as boron, is accelerated 
toWard the IC (300), preferably by a GCIB process but pos 
sibly by a molecular ion implantation process or an atomic ion 
implantation process, to form a PSD implanted region (330) 
With a dose between 1014 and 1017 dopant atoms/cm2 in a top 
region of the LDD source dielectric layer (324). In the instant 
embodiment, the PSD implanted region (330) extends nearer 
to the vertical surfaces of the PMOS gate (320) than in 
embodiments using conformal source dielectric layers, due to 
less source dielectric material on the vertical surfaces of the 
PMOS gate (320) as explained in reference to FIG. 3A. The 
PLDD photoresist pattern (326) is removed, commonly by 
exposing the IC (300) to an oxygen containing plasma, fol 
loWed by a Wet cleanup to remove any organic residue from 
the top surface of the LDD source dielectric layer (324). 

FIG. 3C depicts the IC (300) after a PLDD drive process, as 
described in reference to FIG. 1E, Which heats an existing top 
region of the IC (300) causing the implanted PLDD dopant 
atoms in the PLDD implanted region in the top region of the 
LDD source dielectric layer (324) to diffuse through the LDD 
source dielectric layer (324) to form a PLDD infused region 
(332) in the LDD source dielectric layer (324) in the PMOS 
transistor area (308). During the PLDD drive process, PLDD 
dopant atoms diffuse out of the PLDD infused region (332) 
into the top region of the n-Well (312) to form PLDD diffused 
regions (334) at the top surface of the n-Well (312) adjacent to 
the PMOS gate (320) in the PMOS transistor area (308). In the 
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instant embodiment, the PLDD diffused regions (334) extend 
farther toWard the PMOS gate (320), and may extend under 
the PMOS gate dielectric layer (316), compared to embodi 
ments using conformal source dielectric layers, due to the fact 
observed in reference to FIG. 3B that the PSD implanted 
region extends nearer to the vertical surfaces of the PMOS 
gate (320). The further extension of the PLDD diffused 
regions (334) toWard the PMOS gate (320) may be advanta 
geous in some PMOS transistors by increasing on-state drive 
current. 

It Will be recogniZed by those familiar With IC fabrication 
that the advantages of the instant embodiment may be applied 
to formation of NLDD diffused regions, PSD diffused region 
and NSD diffused regions. 

It Will be recogniZed by those familiar With IC fabrication 
that an extension of an LDD region toWard or under a gate 
may be varied by adjusting an amount of source dielectric 
material deposited on lateral surfaces of the gate. A deposi 
tion process for a source dielectric layer may be adjusted from 
totally conformal to totally anisotropic, advantageously pro 
viding a means for providing a desired extension of the LDD 
region independently of a dose or depth of the LDD region. 

What is claimed is: 
1. A process of forming an integrated circuit (IC) contain 

ing a metal oxide semiconductor (MOS) transistor further 
containing lightly doped drain (LDD) diffused regions, com 
prising the steps of: 

forming an LDD source dielectric layer on a top surface of 
a Well and an MOS gate formed on a top surface of an 
MOS gate dielectric layer formed on said top surface of 
said Well; 

forming an LDD implanted region in a top region of said 
LDD source dielectric layer by a process of implanting 
an LDD set of dopant atoms into said LDD source 
dielectric layer such that less than 10 percent of said 
LDD dopant atoms pass through said LDD source 
dielectric layer into said Well; and 

forming said LDD diffused regions by a process of heating 
said IC such that a portion of said LDD dopant atoms 
diffuse from said LDD implanted region into top regions 
of said Well adjacent to said MOS gate. 

2. The process of claim 1, in Which said LDD source 
dielectric layer is betWeen 5 and 20 nanometers thick and 
includes silicon dioxide. 

3. The process of claim 1, in Which said LDD source 
dielectric layer is betWeen 5 and 20 nanometers thick and 
includes silicon nitride. 

4. The process of claim 1, in Which said LDD dopant atoms 
include boron. 

5. The process of claim 1, in Which said LDD dopant atoms 
include phosphorus. 

6. The process of claim 1, in Which said LDD dopant atoms 
include arsenic. 

7. The process of claim 1, in Which said step of implanting 
a set of LDD dopant atoms is performed using a gas cluster 
ion beam (GCIB) process. 

8. The process of claim 1, in Which said step of implanting 
a set of LDD dopant atoms is performedusing a molecular ion 
implantation process. 

9. The process of claim 1, in Which said step of implanting 
a set of LDD dopant atoms is performed using an atomic ion 
implantation process. 

10. The process of claim 1, in Which said LDD source 
dielectric layer is conformally deposited. 

11. The process of claim 1, in Which said LDD source 
dielectric layer is an anisotropic layer. 
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12. The process of claim 1, in Which saidprocess of heating 
said 1C includes heating a top region of said 1C between 900 
C and 1100 C for 1 to 5 seconds. 

13. The process of claim 1, in Which saidprocess of heating 
said 1C includes heating a top region of said 1C betWeen 1 175 
C and 1300 C for 100 microseconds to 2 milliseconds. 

14. A process of forming an IC containing an MOS tran 
sistor further containing source and drain (S/D) diffused 
regions, comprising the steps of: 

forming an S/ D source dielectric layer on a top surface of a 
Well, an MOS gate formed on a top surface of an MOS 
gate dielectric layer formed on said top surface of said 
Well and gate sideWall spacers formed on lateral surfaces 
of said MOS gate; 

forming an S/D implanted region in a top region of said S/D 
source dielectric layer by a process of implanting an S/D 
set of dopant atoms into said S/D source dielectric layer 
such that less than 10 percent of said S/D dopant atoms 
pass through said S/ D source dielectric layer into in said 
Well; and 

forming said S/D diffused regions by a process of heating 
said 1C such that a portion of said S/D dopant atoms 
diffuse from said S/D implanted region into top regions 
of said Well adjacent to said MOS gate sideWall spacers. 

15. The process of claim 14, in Which said S/D source 
dielectric layer is betWeen 10 and 30 nanometers thick and 
includes silicon dioxide. 

16. The process of claim 14, in Which said S/D source 
dielectric layer is betWeen 10 and 30 nanometers thick and 
includes silicon nitride. 

17. The process of claim 14, in Which said S/D dopant 
atoms include boron. 

18. The process of claim 14, in Which said S/D dopant 
atoms include phosphorus. 

19. The process of claim 14, in Which said S/D dopant 
atoms include arsenic. 

20. The process of claim 14, in Which said step of implant 
ing a set of S/D dopant atoms is performed using a GCIB 
process. 

21. The process of claim 14, in Which said step of implant 
ing a set of S/ D dopant atoms is performed using a molecular 
ion implantation process. 

22. The process of claim 14, in Which said step of implant 
ing a set of S/D dopant atoms is performed using an atomic 
ion implantation process. 

23. The process of claim 14, in Which said S/D source 
dielectric layer is conformally deposited. 

24. The process of claim 14, in Which said S/D source 
dielectric layer is an anisotropic layer. 

25. The process of claim 14, in Which said process of 
heating said 1C includes heating a top region of said 1C 
betWeen 900 C and 1100 C for 1 to 5 seconds. 

26. The process of claim 14, in Which said process of 
heating said 1C includes heating a top region of said 1C 
betWeen 1175 C and 1300 C for 100 microseconds to 2 
milliseconds. 

27. A process of forming an IC containing an n-channel 
metal oxide semiconductor (NMOS) transistor and a p-chan 
nel metal oxide semiconductor (PMOS) transistor, compris 
ing the steps of: 

forming an n-type lightly doped drain (NLDD) source 
dielectric layer on a top surface of a p-Well and an 
NMOS gate formed on a top surface of an NMOS gate 
dielectric layer formed on saidtop surface of saidp-Well; 

forming an NLDD implanted region in a top region of said 
NLDD source dielectric layer by a process of implanting 
an NLDD set of n-type dopant atoms into said NLDD 
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source dielectric layer such that less than 10 percent of 
said NLDD dopant atoms pass through said NLDD 
source dielectric layer into said p-Well; 

forming NLDD diffused regions by a process of heating 
said 1C such that a portion of said NLDD dopant atoms 
diffuse from said NLDD implanted region into top 
regions of said p-Well adjacent to said NMOS gate; 

forming a p-type lightly doped drain (PLDD) source 
dielectric layer on a top surface of an n-Well and a PMOS 
gate formed on a top surface of a PMOS gate dielectric 
layer formed on said top surface of said n-Well; 

forming a PLDD implanted region in a top region of said 
PLDD source dielectric layer by a process of implanting 
a PLDD set of p-type dopant atoms into said PLDD 
source dielectric layer such that less than 10 percent of 
said PLDD dopant atoms pass through said PLDD 
source dielectric layer into said n-Well; and 

forming PLDD diffused regions by a process of heating 
said 1C such that a portion of said PLDD dopant atoms 
diffuse from said PLDD implanted region into top 
regions of said n-Well adjacent to said PMOS gate. 

28. The process of claim 27, in Which said step of forming 
NLDD diffused regions and said step of forming PLDD dif 
fused regions are performed concurrently. 

29. The process of claim 27, in Which: 
said step of forming an NLDD source dielectric layer and 

said step of forming a PLDD source dielectric layer are 
performed concurrently; and 

said step of forming NLDD diffused regions and said step 
of forming PLDD diffused regions are performed con 
currently. 

30. The process of claim 27, further including the steps of: 
forming an n-type source and drain (N SD) source dielec 

tric layer on a top surface of said p-Well, said NMOS 
gate, and NMOS gate sideWall spacers formed on lateral 
surfaces of said NMOS gate; 

forming an NSD implanted region in a top region of said 
NSD source dielectric layer by a process of implanting 
an NSD set of n-type dopant atoms into said NSD source 
dielectric layer such that less than 10 percent of said 
NSD dopant atoms pass through said NSD source 
dielectric layer into in said p-Well; 

forming NSD diffused regions by a process of heating said 
1C such that a portion of said NSD dopant atoms diffuse 
from said NSD implanted region into top regions of said 
p-Well adjacent to said NMOS gate sideWall spacers; 

forming a p-type source and drain (PSD) source dielectric 
layer on a top surface of said n-Well, said PMOS gate, 
and PMOS gate sideWall spacers formed on lateral sur 
faces of said PMOS gate; 

forming a PSD implanted region in a top region of said 
PSD source dielectric layer by a process of implanting a 
PSD set of p-type dopant atoms into said PSD source 
dielectric layer such that less than 10 percent of said PSD 
dopant atoms pass through said PSD source dielectric 
layer into in said n-Well; and 

forming PSD diffused regions by a process of heating said 
1C such that a portion of said PSD dopant atoms diffuse 
from said PSD implanted region into top regions of said 
n-Well adjacent to said PMOS gate sideWall spacers. 

31. The process of claim 30, in Which said step of forming 
NSD diffused regions and said step of forming PSD diffused 
regions are performed concurrently. 

32. The process of claim 30, in Which: 
said step of forming an NSD source dielectric layer and 

said step of forming a PSD source dielectric layer are 
performed concurrently; and 
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said step of forming NSD diffused regions and said step of 
forming PSD diffused regions are performed concur 
rently. 

33. A process of a diffused region in an IC substrate, 
comprising the steps of: 

forming a source dielectric layer on a top surface of said 

substrate; 
forming an implanted region in a top region of said source 

dielectric layer by a process of implanting a set of dopant 
atoms into said source dielectric layer such that less than 
10 percent of said dopant atoms pass through said source 
dielectric layer into said substrate; and 

forming said diffused regions by a process of heating said 
substrate such that a portion of said dopant atoms diffuse 
from said implanted region into a top region of said 
substrate. 

34. The process of claim 33, in Which said source dielectric 
layer is betWeen 5 and 20 nanometers thick and includes 
silicon dioxide. 

35. The process of claim 33, in Which said source dielectric 
layer is betWeen 5 and 20 nanometers thick and includes 
silicon nitride. 
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36. The process of claim 33, in Which said dopant atoms 

include boron. 
37. The process of claim 33, in Which said dopant atoms 

include phosphorus. 
38. The process of claim 33, in Which said dopant atoms 

include arsenic. 
39. The process of claim 33, in Which said step of implant 

ing a set ofdopant atoms is performed using a GCIB process. 
40. The process of claim 33, in Which said step of implant 

ing a set of dopant atoms is performed using a molecular ion 
implantation process. 

41. The process of claim 33, in Which said step of implant 
ing a set of dopant atoms is performed using an atomic ion 
implantation process. 

42. The process of claim 33, in Which said process of 
heating said substrate includes heating a top region of said 
substrate betWeen 900 C and 1100 C for 1 to 5 seconds. 

43. The process of claim 1, in Which said process of heating 
said substrate includes heating a top region of said substrate 
betWeen 1175 C and 1300 C for 100 microseconds to 2 
milliseconds. 


